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The galilean moons of Jupiter are substantial bodies—three of
them are larger than the Earth’s Moon, and one is larger than
Mercury—rvet little has been known about them until very
recently. The discovery of a magnetosphere' and magnetic field’
associated with Ganymede was surprising, and raised the possi-
bility that other galilean satellites, particularly Callisto (which is
the second largest after Ganymede), also might have an internally
generated magnetic field. Here we report observations of plasma
waves around Callisto, detected during the recent fly-by of the
Galileo spacecraft. The nature of the plasma waves indicates that
Callisto, unlike Ganymede, does not have a magnetosphere or an
internal magnetic field. The electron density near Callisto, how-
ever, is substantially higher than that in Jupiter’s magnetosphere
at this orbital radius, indicating that Callisto is a significant
source of locally generated plasma. This plasma most probably
comes from a tenuous atmosphere around Callisto, which may be
similar to the hydrogen cloud around Ganymede, as the electron
densities are somewhat comparable.

The trajectory for the 4 November Callisto fly-by is shown in Fig.
1. This first close fly-by of Callisto was designed to provide
measurements in the wake created by the co-rotating plasma of
Jupiter’, which flows by Callisto at a speed of roughly 200kms '
(ref. 4). The closest approach occurred at 13:34:30 Ut (universal
time) at an altitude of 1,129km and a radial distance of 1.47 R
(where Callisto’s radius, R, is 2,403km). As can be seen, the
trajectory passed directly through the geometric wake of Callisto.
The time required to cross the wake is about 10 minutes.

Spectrograms of the electric and magnetic field intensities
obtained from the plasma-wave instrument for a 2.5-hour interval
around the time of closest approach are shown in Fig. 2. For a
description of the plasma-wave instrument, see ref. 5. As can be seen
in the bottom panel of Fig. 2, there are no magnetic wave fields
associated with Callisto. The absence of a magnetic response is in
sharp contrast to the Ganymede fly-by', where strong electromag-
netic emissions propagating in a mode known as the whistler mode®
were observed at frequencies up to about 5kHz. The absence of
whistler-mode emissions at Callisto can be explained in part by
magnetometer measurements’, which show that the magnetic field
near Callisto is very weak, B < 35nT. As the whistler mode cannot
propagate at frequencies above the electron cyclotron frequency,
f. = 28 BHz, where B is the magnetic field strength in nanoteslas,
whistler-mode emissions would not be expected in the vicinity of
Callisto at frequencies above about 1kHz. However, the weak
magnetic field does not explain the absence of whistler-mode
emissions at frequencies below 1kHz. At Ganymede, strong
whistler-mode emissions were observed down to frequencies as
low as a few hundred hertz. The absence of similar low-frequency
whistler-mode emissions at Callisto indicates that Callisto’s inter-
action with the jovian magnetosphere is fundamentally different
from at Ganymede. Most probably this difference is caused by the
absence of an internally generated magnetic field.
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Figure 1 The Galileo trajectory during the 4 November 1396 Callisto fly-by. The
Callisto-centred coordinate system has the +z-axis aligned parallel to Jupiter's
rotational axis and the +x-axis parallel to the nominal co-rotational plasma flow
induced by Jupiter's rotation. The +y-axis completes the right-hand coordinate
system.
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Figure 2 Freguency-time spectrograms of the electric (top panel) and magnetic
(bottom panel) field intensities detected by the Galileo plasma wave instrument.
The radial distance, R, from the centre of Callisto is given at the bottom of the plot
in Callisto radii, R¢. The time of closest approach is indicated by the arrow at the
top. Various horizontal lines, particularly in the magnetic field spectrogram, are
caused by spacecraft-generated interference. The broadband magnetic field
enhancements below about 10°Hz from about 12:52 to 13:121i1, and again from
about 13:29 to 13:33 uT, are caused by interference from the Ultraviclet Spectro-
meter instrument.
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Inspection of the electric field spectrogram in Fig. 2 shows a series
of noise bursts, from about 13:28 to 13:52 v, which clearly stand out
above the prevailing noise background. These noise bursts extend
over a frequency range from about 10° to 10" Hz and seem to be
assoctated with Callisto. No comparable noise bursts have been
observed during other crossings of Callisto’s orbit. Comparisons
with the magnetic field measurements of ref. 7 clearly show that the
bursts of electric field noise are closely correlated with magnetic field
rotations. For example, the noise bursts at 13:33, 13:47 and 13:52 ur
all correspond to abrupt changes in the B, and B, magnetic field
components, changes that are indicative of field-aligned currents.
Khurana ¢t al.” have suggested that some of these field rotations
(particularly from 13:40 to 13:52 ur) may be related to field-aligned
currents flowing along the boundary of Jupiter's plasma sheet.
Galileo was just crossing into the plasma sheet at the time of the
Callisto fly-by. Data from the forthcoming Galileo fly-bys of Callisto
should allow us to identify the origin of these field-aligned currents.

In addition to the bursts of electric field noise, a weak narrow-
band emission can be seen in the electric field spectrogram drifting
downwards in frequency from about 90 kHz at 13:41:30 ut to about
20 kHz at 13:43:30 v This emission intensifies at about 13:42:00 uv,
causing a well defined enhancement in the spectrum at about
50 kHz. From similar observations at Jupiter and other planets™ ",
we can identify this emission as an electrostatic oscillation that
occurs at the upper hybrid resonance frequency. For a discussion
of this resonance, see ref. 6. Upper hybrid emissions provide a
very accurate measurement of the local electron density. The upper
hybrid resonance frequency is given by fiy; = (f} + ", where
f, =8980/ NHz is the electron plasma frequency” and N is
the electron density in ¢cm . Solving the above equation for
the electron density gives N = (f{,, — f1)/(8.980) cm *. For
f. = 1'kHz (that is, B= 35nT), the corresponding electron densi-
ties vary from about 100cm * (f,, = 90kHz) at 13:41:30uT to
about 5¢m * (fiy,, = 20kHz) at 13:43:30um. As f < fiy;, the
magnetic field plays only a minor role in the calculation of electron
density. The electron density associated with the intensification at
13:42:00 vt (fy, = 50kHz) is 3lcm .

Two factors lead us to believe that these plasma densities are
associated with Callisto. First, even though upper hybrid emissions
are a common features of the jovian magnetosphere, these emis-
sions usually occur in the inner regions of the magnetosphere very
close (2£2°} to the magnetic equator'”. The Callisto fly-by occurred
at a magnetic latitude of — 7°, well outside the region where upper
hybrid emissions are usually observed. Second, the electron den-
sities, 5-100cm *, are much higher than would be expected in the
jovian magnetosphere at Callisto’s orbit. For example, from electron
density measurements made by Voyagers | and 2 (refs 4, 11}, the
maximum electron density at Callisto’s orbit is expected to be less
than 1c¢cm . Thus, the plasma detected near Callisto almost
certainly originates from Callisto. Because a plasma is usually
produced by ionizing a neutral gas, such large plasma densities,
up to 100 cm ', imply that a significant neutral atmosphere must
exist around Callisto, possibly similar to the hydrogen exosphere
recently discovered around Ganymede'".

From the above description, it is clear that the plasma-wave
signature of Callisto is quite difterent from that of Ganymede. There
is no evidence of the types of plasma waves that are typically
associated with a magnetized planet. Instead, the waves observed
are more like those found near an unmagnetized object such as the
Earth's Moon'* or a comet'™. Qur results support the measurements
of refs 7 and 16, which show that Callisto has little, if any, internally
generated magnetic field. O
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